Relationship among stress, depression, cardiovascular and metabolic changes and physical exercise [I] Relação entre estresse, depressão, alterações cardiometabólicas e exercício físico [A] Andrea Sanches [a] , Rafaela Costa [a, b] , Fernanda Klein Marcondes [a] , Tatiana Sousa Cunha [c] [a] Universidade Estadual de Campinas, (FOP/UNICAMP), Piracicaba, SP, Brazil [b] Universidade Estadual de Campinas, (UNICAMP), Campinas, SP, Brazil [c] Universidade Federal de São Paulo, (UNIFESP), São José dos Campos, SP, Brazil [R] Abstract Introduction: Stress is considered one of the most significant health problems in modern society. It can be characterized as any changes in the homeostasis of an individual that require an adaptive response. An imbalance in the secretion of the primary stress mediators may be responsible for the onset and development of several diseases. Thus, chronic stress has been recognized as a risk factor for depression as well as cardiovascular and metabolic diseases. Given the pathophysiological mechanisms associated with chronic stress and related cardiovascular and metabolic changes, it is necessary to implement measures to prevent, control and/or avoid their development. Physical exercise is a non-pharmacological resource that is widely used for this purpose. Its beneficial effects include the improvement of the emotional state as well as lipid and glycemic control. Objective: The aim of this review is to discuss the relationship between stress, depression, cardiovascular and metabolic changes, and highlight the importance of physical exercise in the prevention and treatment of resulting disorders. Materials and Methods: We searched MEDLINE and SCIELO from 2000 through 2012, using the terms chronic stress, mood disorders, depression, cardiovascular and metabolic changes, and exercise. Results: Most of the studies found in our literature search have shown that exercise can attenuate and/or reverse the deleterious effects of chronic stress. Conclusion: Regular physical exercise is useful for maintaining health, especially with respect to improving mood and mental stress. 
Introduction
Stress is a major cause of cardiovascular and metabolic changes and diseases in developed and developing countries. The absence of adaptive mechanisms essential for restoring homeostatic balance in response to stressful stimuli contributes to the development of dyslipidemias, diabetes, hypertension, and other cardiovascular risk factors (1, 2, 3, 4) .
These diseases have a great impact on modern society. Healthcare and work loss costs of persons with chronic diseases such as hypertension, heart disease, diabetes and mood-related disorders have been rising for nearly two decades and might triple by 2030 (5) .
Although alarming, such occurrences may be minimized and/or controlled by means of curative or prophylactic measures (either pharmacological or not) (6) . Physical exercise has a prominent position in this context, being recognized as a non-pharmacological therapy to avoid and/or mitigate these problems (7, 8, 9) . Although many benefits of exercise are well established from previous research, there is still no consensus about its effects on chronic stress, because exercise can also be recognized as a stress paradigm depending on the way it is used (1) . Thus, considering the beneficial effects of physical exercise, the deleterious effects of chronic stress, and the social impact of cardiovascular and metabolic diseases, the aim of this review was to discuss the relationship between stress, depression, cardiovascular and metabolic changes, and highlight the importance of physical exercise in the prevention and treatment of resulting disorders.
Methods
We searched MEDLINE and SCIELO for articles on chronic stress, cardiac and metabolic changes, and exercise published between 2000 and 2012. We also included articles published before 2000 in which the concept of stress was defined. In the search, we used the following terms: "physiological stress", "exercise", "cardiovascular system", and "metabolic diseases".
Inclusion criteria were: observational, experimental or review studies conducted to investigate the cardiac and metabolic effects of chronic psychological stress alone or in association with physical activity and exercise, mood disorders and/or depression. Studies investigating the effect of exercise on functions that did not include cardiac and metabolic changes were excluded, as well as studies that did not examine stress-related mood disorders. Articles on other types of stress (other than mental/psychological stress) were also excluded.
Literature Review

Stress
Mental stress is considered one of the most significant health problems in modern society. It can be defined as a subjective experience triggered by any aversive stimulus that results in both generalized and nonspecific systemic changes. The term stress was originally employed in physics to describe the degree of deformity sustained by a material when subjected to stress or tension (1) . However, it is known that the definition of the word "stress" is based on ancient conceptions dating back to before Christ. These conceptions recognized health as a state of harmony, and disease as a state of disharmony (2) .
It was based on these important principles that great physiologists such as Claude Bernard, Cannon and Selye started to correlate the loss of homeostasis with the emergence of diseases. Selye (10) is considered the first to use and popularize the term stress in a physiological sense. This author noted that a series of similar responses were triggered after injection of a particular drug or saline in rats (10) . Analyzing the responses obtained, Selye attributed the stimulus caused by the injections (and which seemed to trigger adaptive responses in the body of those animals) to an attempt to maintain homeostasis and face a situation perceived as threatening to the life and internal equilibrium of the animal (10) .
Because these stimuli caused generalized and nonspecific hormonal responses -evidenced by the presence of peptic ulcers, atrophy of the immune system and increased adrenal glands -Selye called the phenomenon "general adaptation syndrome". According to the author, it consisted of three phases, namely: alarm or excitement, resistance and exhaustion (11) . In the first phase, there is activation of the sympathetic nervous system and adrenal system, with release of catecholamines (by the adrenal medulla) and glucocorticoids (by the adrenal cortex), in order to maintain or restore homeostasis. This restoration leads to the second phase, i.e., resistance. In this phase, the reaction capacity decreases and the body develops adaptive mechanisms to cope with the stressor stimulus. If the stimulus remains, the adaptive response ceases, and the third phase, i.e., exhaustion, begins. This phase is responsible for the deleterious effects triggered by stress, such as cardiovascular disease, metabolic, kidney and immunological disorders, and even death (10, 11, 12) .
Although different organisms respond similarly to the same stressor stimulus, it is known that each organism is not exactly constant and tends to respond differently at times, due to its physiological variations. Thus, the classic definition of stress has been reinterpreted in recent years in the light of this concept and enabled us to see that the mediators of the reaction may have both protective and harmfull effects to the body, depending on the time and intensity of exposure. A new terminology has been used ever since to describe a biological response to an aversive stimulus: allostasis and allostatic load (12) (Figure 1 ).
According McEwen (12) , these two terms allow a more precise and restricted definition of the word "stress". Allostasis may be used to refer to adaptive processes used to maintain the stability of an organism. The main mediators of allostasis are the hormones of the hypothalamus-pituitary-adrenal axis (HPA), catecholamines and cytokines. When these responses vary beyond the limits of homeostatic mechanisms -which exert significant influence over vital functions such as breathing, cardiovascular tone and intermediary metabolism (13) -they are called allostatic load (1, 12) . Thus, allostatic load causes an imbalance of primary mediators and leads to the overproduction of some of them and the inadequate production of others. This disarray is responsible for the onset and development of various diseases related to stress (12) . responsible for the hyperactivation of the sympathetic nervous system as well as the release of inflammatory mediators. These adaptations induce changes, such as hypertension, formation of atherosclerotic plaques (especially if associated with metabolic factors) (12) , myocardial ischemia (17) and cardiomyopathy (18) .
The high prevalence of cardiovascular disease due to the impact of stress in modern society is closely related to emotional disorders, such as depression. Approximately 60% of cases of depressive disorders are preceded by stress factors, especially of psychosocial origin (19) . According to the Global Burden of Disease study (a collaboration between the Harvard Public Health School, the World Health Organization and the World Bank), it is estimated that depression will become the second most important cause of disease burden in the world by the year 2020 (20) . Despite the lack of epidemiological studies in Brazil, data from the Ministry of Health show that about 10 million Brazilians suffer from depression (21 There is a vast literature describing the active participation of the cardiovascular system in the adaptive process in response to stress, either by increasing blood pressure or cardiac frequency, contractility or output (14) . In a healthy body, short-term stressful activation is not only capable of triggering harmful responses, it also tends to promote essential protective effects that help in survival during imminent danger situations (12, 13) . Thus, physiological blood pressure changes allow the body to adapt to physical and emotional changes by providing adequate blood flow to the tissues (12) and improving myocardial inotropic response to stimulation (15) .
However, a deficiency of these adaptive mechanisms in conjunction with several factors such as the intensity of the stressor stimulus (13) and the individual characteristics of each body (14, 16) , may trigger lethal deleterious effects. Acute and chronic stress participate actively in this process and are 29.4% of the population have depressive symptoms (22) . Moreover, according to the 2008 National Survey by Household Sample (23), approximately 4.1% of the 59.5 million Brazilians diagnosed with a chronic disease also have depression. However, although depression represents a problem of great social impact, disease identification is still precarious, given that 50% to 60% of cases are not detected, do not receive specific information on the problem nor adequate treatment (24) .
Depression is characterized by decreased sensitivity to reward (anhedonia), increased activity of the sympathetic nervous system and increased heart rate (25, 26) . In addition, studies have already demonstrated a positive correlation among stress, cardiovascular changes and decreased heart rate variability (27) , an important predictor of mortality (28) .
Although the relationship between chronic stress and depression is not well established, it is known that depression can lead to a dysfunction of the HPA axis with continuous release of glucocorticoids (such as cortisol), impairment of negative feedback (essential for maintaining homeostasis), changes in the secretion of monoamines (such as serotonin and norepinephrine), and of immune system components through the release of pro-inflammatory cytokine.
There is a close relationship between stress and depression. Studies have demonstrated that changes in the functioning of the stress response system are related to the development of depression, since depressive patients have an increased concentration of circulating cortisol in the bloodstream and of cortisol in the urine (29) , as well as increased corticotrophinreleasing factor (CRF) levels in the cerebrospinal fluid (30) . Furthermore, an increased expression of messenger ribonucleic acid (mRNA) for CRF and concentration of this peptide as well as a downregulation of CRF receptors in the locus coeruleus, hypothalamus and raphe nucleus have been found in the postmortem brain tissue of depressed patients (31) .
Thus, emotional disorders in response to chronic stress may be a risk factor for heart disease-related morbidity and mortality, which makes the response to emotional stress a possible marker for the processes involved in the development of cardiovascular disorders. Additionally, the presence of chronic exogenous stressors seems to interfere in the regulation of the emotional state and cardiovascular system, and trigger depressive states in experimental studies (14, 26) . Of note, there is a bidirectional relationship between depression and cardiovascular disease, as 20 -50% of patients who died from myocardial infarction had previously suffered from depression (26) . Conversely, the presence of cardiac diseases seems to increase the probability of occurrence of depressive states (25) . Prevalence of depression may increase from 2 to 9% in the general population to 45% in patients who already had a heart attack (32) .
This reality does not seem to be different for animals. Animal models have been very useful in the study of deleterious effects triggered by chronic stress, given the limitations inherent to research in which human participants are involved and in order to complement clinical and epidemiological studies. Although it is well established that rodents adapt to the repeated adminitration of stressors, this adaptation does not occur in the chronic unpredictable mild stress (CUMS) protocol (33, 34) .
In the CUMS protocol, alternate exposure to different stressors induces a maintained elevation of corticosterone levels and an increase in anhedonia, evidenced by a decrease in the consumption of and preference for sweet solution. As these effects are reversed by tricyclic antidepressants and 5-HT1C receptor agonists, anhedonia induction by CUMS is a model of predictive validity for the study of mechanisms involved in human depression (33, 34) .
Using the CUMS model proposed by Moreau et al. (33) and modified by Neves et al. (35) , a study has found that rats submitted to CUMS showed higher corticosterone plasma concentrations, which indicates the non-adaptation of these animals to the stressors (35, 36) . In addition, the authors found a decrease in the preference for and consumption of saccharose solution, which evidences that CUMS induced anhedonia in stressed animals (37) . These adaptations were accompanied by cardiovascular changes -evidenced by supersensitivity to the vasoconstrictor effects of phenylephrine in aortic rings with intact endothelium, hypertrophy of the middle and inner aortic layer, increased triglyceride and total cholesterol levels as well as atherogenic index -that indicate that the administration of CUMS contributes to the development of atherosclerosis (35, 36) .
Other studies on CUMS have shown that, in addition to anhedonia, this model also triggered an increase in plasma levels of tumor necrosis factor (TNF-α), interleukin-1 (IL-1) beta, aldosterone (25) , and heart rate at rest, as well as a decrease in heart rate variability and in the threshold of ventricular is therefore essential, because disease development can occur in a short period of time.
It is known that the effects of stress alter not only the glucose metabolism but also the metabolism of proteins and lipids. In a stress reaction, fatty acids can be derived from three sources: from the mobilization of adipose tissue; from increased synthesis of fatty acids triggerered by the combined effects of insulin and cortisol; and from an increased consumption of foods high in fats, which favors the production of remnant chylomicrons associated with hyperphagia (41) . As a result, this increase in fatty acid levels is accompanied by a significant decrease in tissue insulin sensitivity and promotes the development of insulin resistance. The decrease in the action of insulin and the increased release of catecholamines and cortisol stimulate increased lipolysis and the mobilization of fatty acids and glycerol from adipose tissues, and, in this case, can also trigger muscle proteolysis. Amino acids, in conjunction with glycerol and lactate, provide the necessary precursors for gluconeogenesis, which, associated with the deficiency of insulin-regulatory mechanisms, facilitates the synthesis of hepatic triglycerides. Thus, the continuous high supply of fatty acids ultimately stimulates the secretion of VLDL (a very low-intensity lipoprotein) by the liver (41) .
With regard to dietary habits, it is known that some people tend to lose while others tend to gain weight in response to stress. It is believed that this occurs due to an increased activation of β-adrenergic receptors, which can lead to weight loss due to its effect on the lipolysis mechanism, as mentioned above, or due to the increased consumption of convenience foods that are high in fats and sugars (45) . GonzalezBono et al. (46) have also reported that both the fed and the fasting state can increase the activity of the HPA axis. This suggests the existance of different underlying mechanisms that participate in the interaction between the caloric flow and the levels of stress-related hormones such as cortisol.
Stress alone (depending on its type and intensity) or diet alone (depending on the kind of hypercaloric diet), however, may not be able to induce obesity, as stress has been found to often decrease adiposity in rats (45) . Nevertheless, when combined, chronic stress and hyprcaloric diets may lead to abdominal obesity due to the direct release of a sympathetic neurotransmitter (neuropeptide Y) in the adipose tissue (45) .
arrhythmias (25, 26) , which demonstrates the deleterious effects of chronic stress on the cardiovascular system.
Stress and metabolic changes
During a stress reaction, catecholamines and glucocorticoids play a central role in the mobilization of energy substrates into the central nervous system, skeletal and cardiac muscle tissue. These hormones, in addition to stimulating glycogenolysis, lipolysis and proteolysis, inhibit glucose uptake in tissues whose function is not essential during exposure to the stressor (11). Thus, glucocorticoids are recognized to impair insulin-stimulated glucose uptake into the skeletal muscle, probably because they inhibit the translocation of GLUT4 glucose transporter from its inner membrane to the plasma membrane. Such inhibition may occur through the downregulation of various signaling proteins that are important in mediating tyrosine phosphorylation of the GLUT4 insulin receptor. Nevertheless, this mechanism of action is still controversial (38) .
In stressful situations, there is a significant increase in insulin resistance and blood glucose (36, 39) . In this case, cortisol stands out as the main glucocorticoid released in response to a stressing activity. It is able to significantly influence glucose metabolism, making glycemic control difficult (40) and promoting metabolic imbalance due to the constant stimulation of the sympathetic nervous system (41) .
In fact, type 2 diabetic patients who are exposed to stressful situations tend to show increased cortisol secretion, which contributes to a worsening of glycemic control and insulin sensitivity, and leads to a higher prevalence of diabetes chronic complications (42). Wiesli et al (3) also demonstrated that, after being exposed to a psychosocial stress test, individuals with type 1 diabetes showed a significant decrease of glucose concentrations in the postprandial period. Further, it is important to note that stress can also stimulate the development of endocrine-metabolic disorders in non-diabetic patients who have a compromised health status and hence favor the onset of hyperglycemia (43) . Greci et al. (44) have found that 60% of hyperglycemic patients treated in emergency rooms in the USA received a diagnosis of diabetes within one year (44) . Close attention to these patients obesity, and high blood glucose concetrations in 1206 volunteers, when compared to stress and anxiety levels, which decreased as metabolic changes increased.
Seematter et al. (53) have found that lean individuals subjected to mental stress became predisposed to increased glucose uptake and energy expenditure, and produced vasodilation and activation of β-adrenoceptors involved in these responses, whereas in obese individuals mental stress interfered with glucose absorption and systemic vascular resistance, and energy expenditure diminished. In addition, occupational stress also changed the metabolic parameters related to glucose and lipid metabolism in individuals who experienced greater psyhological demands, making them susceptible to the development of MS (54) . The greater the perception of stress intensity at work, the greater the risk of being affected by such changes (55) .
Stress, cardiovascular and metabolic disorders, exercise and physical activity
Improved quality of life has been the main driving force in the quest for longevity. According to the Medical Expenditure Panel Survey (MEPS) (56), the total expenditure on health care and the costs of work loss due to chronic diseases such as hypertension, heart disease, diabetes and mood-related disorders in the USA was approximately 306 billion US dollars between the years 1996 and 1998. The costs for treating hypertension and its complications were estimated at 15 to 60 billion US dollars in the period mentined above and at approximately 177.5 billion US dollars in 1997 (57) . In addition, it is estimated that these costs may triple between 2010 and 2030 (from 273 to 818 billion US dollars). The costs resulting from lost productivity are also expected to grow from 172 to 276 billion US dollars (5) .
Although alarming, complications arising from poor lifestyle choices may be minimized and/or controlled by means of curative or prophylactic measures (either pharmacological or not) (6) . Physical exercise has a prominent position in this context, being recognized as a key factor for the maintenance of health (7) . Fitness benefits may be gained from aerobic exercise (8) , resistance training or a combination of both (9) . It is known that physical exercise is a subcategory of physical activity (defined as any body movement purposive to generate muscle contractions and caloric Studies have shown that obesity is a growing global health problem and affects over 400 million people worldwide. There are more than 45 comorbidities and atherogenic disorders associated with obesity. Furthermore, it is recognized in the International Diabetes Federation guidelines as a progressive condition that contributes to the development of diabetes and cardiovascular disorders, and to mortality due to such causes (47).
Hotamisligil et al. (48) had already shown that obesity could be characterized as a "low-grade systemic inflammation" induced by different inflammatory mediators such as mononuclear cells, lymphocytes, C-reactive protein, TNF-α, IL-1 and interleukin-6 (IL -6) (49). In the same way as obesity favors the release of inflammatory mediators, chronic stress seems to interfere with the immune response, causing a marked decrease in the proliferation of B and T cells in diabetic mice, when compared to the control group (39) as well as immunosuppression, release of pro-inflammatory cytokines and excess cortisol, which are also present in patients diagnosed with depression (25, 26) .
Chronic stress, when associated with diets high in sugars and fats, first induces increases in glucocorticoid levels in visceral fat, and then, through angiogenesis and adipogenesis, tends to induce a growth of the abdominal area, which over time leads to tissue inflammation, hypervascularization and hormonal changes such as hyperinsulinemia and hyperlipidemia (45) . This demonstrates that a cross-talk between metabolic and inflammatory signaling pathways worsens the effect of insulin on the peripheral tissue (49) and is related to the pro-inflammatory state that results from obesity and stress, insulin resistance and diabetes (45, 47) .
It is known that, when associated with hypertension, glucose and lipid metabolic dysfunctions, like several atherogenic disorders triggered by obesity (47) lead to the onset of a multifactorial disease called metabolic syndrome (MS) (50). The incidence of MS has been increasing worldwide and is a result of the so-called modern Western lifestyle. The main negative aspects of this lifestyle include a positive energy balance, poor diet and sleep quality, and stress (50, 51) . The latter can favor the development of MS (50), a risk factor for type 2 Diabetes Mellitus and cardiovascular diseases (52). Li et al. (52) have found an inversely proportional relationship between the ocurrence of hypertension, diabetes, abdominal anti-inflammatory cytokines (TNF-α, IL-1 and IL-6), which could lead to harmful adaptations (66) . On the other hand, independent of exercise intensity, the interruption of exercise performance tends to affect good mood, probably due mechanisms related to decreases in IL -6 (67), an important cytokine that mobilizes extracellular substrates during exercise (68) .
Because it promotes a wellness feeling and improves mental health, exercise is also recommended as a complementary therapy in the treatment of individuals who suffer from depression. After evaluating some epidemiological studies, Hamer et al. (69) have shown that the risk of developing depressive symptoms was reduced by 22% in physically active individuals. In this case, it is believed that the mechanisms responsible for this change are related to both psychological aspects (such as distraction, improved mood, self-esteem and social interaction) and the increased release of monoamines and endorphins, and stimulation of synaptic transmission, which have inhibitory effects on the central nervous system (70) . Additionally, it is important to note that physically inactive patients who have depressive symptoms also have increased risk of cardiovascular mortality (71) , while exercise can inhibit the occurrence of depression and depressive symptoms, improve mental health and increase survival in patients who have suffered acute myocardial infarction (72) . Regarding the hippocampus, a clinical study has found that depressed patients who practiced physical activity had increased hippocampal volume compared with sedentary, depressed patients (73) .
Voluntary aerobic exercise (wheel running) was found to reduce anhedonia in rats. This suggests that exercise training can induce biological changes that are similar to those induced by antidepressant drugs (74) . In the central nervous system, exercise can increase the release of brain-derived neurotrophic factor (BDNF), which is known to improve the health and survival of nerve cells. This suggests that exercise may influence brain health (75) . Exercise can also alter monoamine levels in the brain during stress (76) . He et al. have shown that exercise by swimming prevented and reversed the decrease in hippocampal serotonin and noradrenaline induced by chronic stress and promoted an increase in dopamine levels in the hippocampus when performed before the beginning of the stress period (76) . Furthermore, exercise may play an important role in protecting the hippocampus against damages caused by exposure to glucocorticoids that expenditure) that is planned structured and repetitive (58, 59) . Thus, both physical activity and physical exercise can provide good results (58, 59, 60, 61, 62) .
Thus, physical activity can reduce the perception of stress, as lower levels of stress are generally associated with better physical health (58) . Of note, the benefits of exercise for health are more pronounced in individuals with higher stress levels when compared to individuals with lower stress levels (59) . In addition, studies have shown decreased reactivity of the HPA axis in response to psychological stress in older persons and physically trained individuals, when compared to untrained subjects. This indicates that physical activity may attenuate cortisol release in response to stress (60) .
Although much is discussed about the benefits of physical exercise (which sometimes can be influenced by microRNAs) (61), exercise can also be recognized as a stress paradigm depending on the way it is used (1), because its effects on the immune system are mediated by hormones like cortisol and catecholamines. Nevertheless, in stress situations, both exercise and physical activity are able to trigger a feeling of satisfaction and well-being (62) . This favors the health of older individuals with high levels of stress, as measured with the Perceive Stress Scale in a longitudinal study (63) . Thus, physical activity may promote physical and psychological benefits that are involved in both the indirect action of exercise in reducing stress, and a direct effect on various metabolic functions of the body (4). Physical activity exerts quick tranquilizing effects (also due to the increase in body temperature), while regular exercise reduces the concentration of circulating insulin, stimulates the activity of the adrenal gland and the secretion of norepinephrine, serotonin, β-endorphin and dopamine (improving mood). In addition, exercise stimulates the release of thyroid hormones, estrogen, progesterone, testosterone and leptin (62) and reduces the activity of the HPA axis in response to repeated stress (64) (Figure 2) . Indeed, Sanches et al. (65) have found that moderate-intensity aerobic exercise practiced in a playful way by type 2 diabetes patients (3 times/week for three consecutive months) reduced systolic and diastolic blood pressure, body mass index, blood glucose and LDL-cholesterol (low-intensity lipoprotein) as wel as salivary cortisol concentration and anxiety and depression levels as assessed by the HADS (Hospital Anxiety and Depression Scale). However, it is important to note that, depending on the intensity of exercise, there may be the stimulation of lymphocytes and white blood cells, and the release of pro-and results gained from exercise, the data of this review suggest that, although sedentary lifestyle, chronic stress, depression, genetic predisposition and poor diet are primary risk factors for the development of cardiovascular and metabolic complications, regular exercise/physical activity may minimize these effects by preventing or mitigating the development of various diseases and thus contribute to an increase in life expectancy and an improvement in quality of life (62) . In conclusion, regular physical exercise is useful and inexpensive way of maintaining health, especially with respect to improving mood and mental stress. Higher Education Coordination Agency (CAPES).
are secreted during stress (77) as studies have shown that physical activity is capable of stimulating the proliferation of hippocampal cells (78) , changing synaptic plasticity, and stimulating neurogenesis and synaptogenesis (79) . Other findings suggest that the benefits of physical activity for depressive states may be closely related not only to the neurogenesis in the hippocampus but also with the angiogenesis in the brain. In this context, Kiuchi et al. (80) have demonstrated that physical training (treadmill running) in mice was associated with improved depressive behavior and decreased density of blood vessels and neurogenesis in the hippocampus. In addition, when the authors associated these responses with an inhibitor of vascular endothelial growth factor receptor -an important factor that stimulates the development of blood vessels and has antidepressive action -the antidepressive effect of exercise was cancelled (80) .
Final Considerations
Considering the dysfunctions triggered in response to chronic mental stress and the positive 
